This paper presents results of soil analysis for samples extracted from Makerere University Agricultural Research Institute Kabanyolo. The study was aimed at ascertaining the suitability of MUARIK soils for fruit (pineapple, passion fruit and watermelon) and vegetable (cabbage, eggplant, tomato and pumpkin) growth, yield and maturity. Soil morphological, physical and chemical properties were probed by excavating a 1.86 meter soil profile pit and sampling soils in 9 equidistant locations at MUARIK. The soil morphology and physical properties were described using the Munsel colour chart and USDA classification system while chemical parameters were determined in Makerere University Soil Laboratory following procedures described by Okalebo et al. [1] . Three pedon layers (RSK-H1, RSK-H3 and RSK-H5) had gradual boundaries while RSK-H4 was continuous. However, RSK-H2 and RSK-H6 had abrupt boundary layers. The texture of the profiles was clayey (52%). The soils were acidic with a pH of 6.08 (sub soil) to 6.12 (top soil). On comparison with standard requirements for target fruits and vegetables, the site was deficient in most of the minerals including P (8.88 -12.42 pmm), Ca (6.46 -7.92 pmm), K (0.06 -0.47 pmm), Mg (1.37 -1.70 pmm), Na (0.17 -0.23 pmm), N (0.18 -0.19 pmm), and soil organic matter (4.53% -4.81%). Sand and clay had the highest negative significant correlation (r = −0.94, p < 0.01) in the top soil. The highest positive significant correlation was observed between Ca and Mg both in the topsoil (r = 0.96, p < 0.01) and subsoil (r = 0.99, p < 0.01). MUARIK is suitable for growing cabbage and pumpkin. However, for improved growth, yields and maturity, the soils should be amended with manure (watermelon), lime (passion fruit and tomato) and sulphur (eggplant and pineapples).
Introduction
Uganda's soils are classified into six (6) major types notably: Soils of high productivity (8% of the land area), Soils of medium productivity (14%), Soils of fair productivity (43%), Soils of low productivity (30%) while the Soils of negligible productivity constitute 5% of the land area. In addition, the country's main soil types are 18 divided into 7 groups based on their occurrence and agricultural productivity. These include: 1) the Uganda surfaces cover most areas south of Lake Kyoga. This group embraces five types of deep, sandy clay loams with medium to high productivity. 2) Tanganyika surfaces cover most areas north of Lake Kyoga, West Nile and some parts of the South Western tip of Uganda, embracing five types of sandy clay loam with low to medium productivity. as well as West of Lake Victoria. The productivity of these sandy soils is very low. 7) The last group of soil types is in Northern Uganda and their productivity is low [2] .
Despite this broad soil classification, fruits and vegetables have specific soil requirements for growth, high yields and maturity. Eggplants, for example, can be grown with considerable success in fine and rich loam soils that are deep and well-drained. The soil pH should range from 5.5 to 6.0 for its better growth and development. As the crop remains in the field for a number of months therefore, the soils should be well prepared by being ploughed 4 -5 times before transplanting the seedlings. When the field is well prepared and leveled, the beds of suitable size should be made in the field before transplanting.
However, in most fields, mineral supplies to crops (N + P 2 O 5 + K 2 O) are always lower than the recommended quantities and imbalanced with excess of Nitrogen due to inappropriate use of urea [3] . The mineral bill is 100 (kg of N) − 100 (kg of P 2 O 5 ) − 200 (kg of K 2 O) for African eggplant. According to Nono-Womdim et al. [3] , eggplants require 1 -3 applications of the growth fertilizer a week until early fruit formation whereby a development fertilizer will be applied.
Tomato grows well in sandy loam soil with well-drained clay subsoil. Light soils are good for early variety [3] . While clay loam or silt loam soils are well suited for heavy yield, tomato grows at pH 6.0 to 7.0 satisfactorily. The soil should be well prepared and leveled by ploughing the land 4 -5 times. Similarly, pumpkins may be grown on a wide range of soil types provided the soil is free-draining. They are tolerant of fairly acid conditions and liming should not be necessary unless the pH is less than 5.5 [3] . Well-drained soils that warm rapidly are ideal for the production of the quick-maturing pumpkins. Friable loams with an abundance of organic matter and the capacity to retain moisture are ideal. A deep, friable seedbed should be prepared for improved pumpkin growth and yield.
As for leafy vegetables such as cabbages, a balanced ratio between nitrogen and potassium supplies is needed for maximum yield. Cabbages grow on a wide range of soil types ranging from light sand to heavier clays. Cabbages are divided into three main groups: ballhead (or roundhead), conical and the large drumhead types. Soils with high organic matter give the best yields. Soil pH should be in the range of 6.0 -6.5 for cabbage growth and clubroot control [3] .
Although, soil tests are useful in determining the availability of nutrients and fertiliser requirements prior to fruit and vegetable cultivation [4] , the soil morphological and physico-chemical features of the Makerere University Agricultural Research Institute (MUARIK) remain largely unclear. Relatedly, much as Pomeroy [5] undertook a detailed survey of termite mounds in the central parts of Uganda, Wakiso district and MUARIK in particular, was left out. A study by Tenywa et al. [6] , focused on the resilience and degradation stress of soils at MUARIK. Additionally, Okwakol and Sekamatte [7] studied the soil macrofauna in Uganda but recommended regular assessment of soil features in agricultural landscapes.
It was therefore important to undertake soil tests at MUARIK as a precursor for propagation of priority fruits (pineapple, passion fruit and watermelon) and vegetables (cabbage, eggplant, tomato and pumpkin). Fungo et al. [8] assert that precision agriculture requires site specific modeling of soil properties. Soil analysis was conducted because soil conditions usually influence the growth of fruits and vegetables [8] [9] [10] . In addition, incidence of pests and diseases depend on soil and weather conditions of a site.
Materials and Methods

Description of Study Area
The study was conducted at Makerere University Agricultural Research Institute Kabanyolo ( Figure 1 ). MUARIK is located on spatial coordinates 0˚27'60''N, 32˚36'24'' E at an altitudinal range of 1250 m to 1320 m above mean sea level [11] . The study site is within the administrative boundaries of Nangabo Sub County, Wakiso district and about 14 km north of Kampala, Uganda's capital city. Kabanyolo is part of the Lake Victoria basin that receives an average annual precipitation of 1218 mm and slightly drier periods in June to July and December to February. The average annual temperature is 21.5˚C [12] . culture and rural innovation research projects. However, as part of the Buganda surface, the predominant farming system around MUARIK is the banana-coffee system [13] . According to the map (Figure 1 ), MUARIK occupies 3 square miles of land. Yost and Eswaran [11] indicated the MUARIK soils to be formed on residuum and colluvium from quartzites, gneiss and basement complex rocks. On the side slopes, colluvium enriched with lateritic gravel is common. This study was aimed at ascertaining the current morphological, physical and chemical properties of soil that may influence fruit and vegetable growth, yield and maturity.
Soil Sampling
The influence of soil depth of on soil properties at the experimental site was probed by excavating, describing and sampling soil in a 1.86 meter deep soil profile pit following Okia [14] . The pit was located at the centre of the experimental site. Surrounding the soil profile pit were sweet potato, passion fruit plants and a 1 year fallow. The soil profile was described in terms of depth, number of horizons, width of each horizon and boundary distinctness between horizons following Okia [14] , Fungo et al. [8] and Szymański et al. [15] . A linear tape (Colt Germany 5 m) was used to measure the profile depth while distinctness of the horizon boundaries was described as abrupt (a), gradual (g), clear (c) and diffuse (d). The Munsell colour chart was used to provide standard descriptions and the colour name for each horizon. Okia [14] asserts that the Munsell colour system specifies colour based on three colour dimensions: hue (predominant spectral colour), value (lightness and darkness against a neutral gray scale) and chroma (purity or richness). This method of soil colour analysis is described in MCC [16] . Other scholars [15] [17] support the use of the Munsell colour soil charts to describe color of the soil material in moist state. In each horizon, about 500 g of soil was collected by chiselling, placed in plastic sample bags, labelled, packed in a sample box (Marina cooler 24S) and delivered to Makerere University Soil Laboratory for further processing and analysis. A similar approach was used by Okia [14] and Fungo et al. [8] .
In addition, to ascertain soil properties across the site and thus site suitability for the propagation of fruits and vegetables, three (3) patches within MUARIK were selected. The patches were selected in locations that represented different land uses and the elevations. Site conditions included a sweet potato field and the 1 year fallow. Three (3) sampling points that were equidistant from each other, separated by 50 and 30 m across and along the slope, were placed along the contour of each patch. Soil samples were taken at two (2) depths including 0 to 20 and 20 -40 cm as done by Fungo et al. [8] . A total of 18 samples were therefore obtained from across the experimental site.
Laboratory Analysis of Soils
Soil samples were double labelled and transported to Makerere University Soil Science laboratory for drying, preparation and subsequent analyses. Parameters determined included soil organic matter (OM), pH, N, P, K, Ca, Mg and Na.
Available Phosphorus (P) was determined by using Bray and Kurtz No. 1 method [18] . The soil was extracted by Brady 1 solution and the P determined by the calorimetric procedure using a spectrophotometer. Soil pH was ascertained using a pH meter as done by Rhoades [19] . Exchangeable K, Ca and Mg were measured by treating the soil samples with excess 1 M ammonium acetate solution. Later, the concentrations of exchangeable Na and K in the extract were measured by flame photometer and the concentration of Ca and Mg was measured by atomic absorption spectrophotometry [20] .
Considering the limitation of the field method for determination of soil texture, particle size analysis was performed in the laboratory using the pipette method. Since soil texture refers to the relative proportions of sand, silt, and clay particles in a mass of soil, this method applies Stokes' Law to measure settling rates of different soil particles in a given soil sample [1] . The proportions of sand, clay and silt in each soil sample were then applied to the soil textural class estimation chart (texture triangle) to derive the respective textural classes [17] . The textual classes were recorded as sand (s), loam (l), loamy sand (ls), clay loam (cl), sandy loam (sl), clay (c), sandy clay loam (scl), silt (si), sandy clay (sc), silt loam (sil) silty clay loam (sicl), and silty clay (sic) based on the United States Department of Agriculture (USDA) soil textural classes [21] following Okia [14] .
Data Analysis
Laboratory data on soil texture and minerals was entered in MS Excel to generate frequencies, means, standard errors of the means, coefficients of variation, percentages and correlation coefficients. Correlations were run to ascertain the strengths and directions of associations between soil physical and chemical parameters. The results were presented in tables and charts as done by Okia [14] , Fungo et al. [8] and Szymański et al. [15] .
Results
Soil Morphology
The field description of the morphology of the studied soil profiles is given in Table 1 . Three pedon layers (RSK-H1, RSK-H3 and RSK-H5) had gradual boundaries while RSK-H4 was continuous. However, the second pedon (RSK-H2) and the last (RSK-H6) had abrupt boundary layers. The first three horizons were soft to slightly hard with some roots. The last three horizons ranged from hard to very hard to hard consistence with few to no roots. The upper part of the studied pedons (RSK-H1 and RSK-H2) shows a dark yellowish brown (10YR 4/4) or dark brown (7.5YR 4/4) colour. The rest of the pedons were yellowish red with the colour codes of 5YR5/6 for RSK-H3 and RSK-H4 and 5YR5/6 in RSK-H5 and RSK-H6 (Table 1) .
Physical Properties
The texture of the studied soil profiles, in the 1.86 m pit, was generally clay (Table 2 ). The clay fraction clearly dominated and ranged from 40% to 62% with an average of 52%. The upper part of the pedons (i.e. RSK-H1 and RSK-H2 horizons) contained a smaller clay fraction (i.e. 40% -44%) in comparison with the lower part. The highest amount of clay (62%) was recorded in the 4 th Horizon (RSK-H4). Amount of the sand fraction ranges from 35% to 52% and was almost evenly distributed throughout the studied profiles (except the RSK-H3)
with an average of 43%. Silt fraction was the least ranging from 1% to 8%, with a mean of 5%. Based on the USDA textual classification, the top and the 5 th pedons were sandy clay (sc) while the rest (RSK-H3, RSK-H4 and RSK-H6) were clay (c). When data was pooled, the overall textual classification is clay ( Figure 2 ).
Clay had an average of 52%, followed by sand at 43% and distant silt with 5%. 
Chemical Properties
Across the study site, the soils were generally acidic with a pH of 6.12 ± 0.15 in the top soil and 6.08 ± 0.11 in the subsoil layer ( A correlation matrix (Table 4) Having carefully reviewed the contents of Table 4 , this paragraph should read as follows: in the subsoil, pH had no significant (p > 0.05) relationship with P or silt. In addition, P was not significantly (p > 0.05) influenced by Ca, OM or Silt.
Other insignificant (p > 0.05) relationships in the sub soil were between Ca and Silt, K and Na, K and N, Na and N, and OM and Silt (Table 4) .
Comparison of MUARIK Soil with Requirements for Fruit and Vegetable Production
The comparison of key MUARIK soil parameters with the standard requirements for fruits and vegetable propagation is presented in Table 5 . Soil organic matter and minerals including Ca, K, Mg, Na and N were generally lower than the requirement for fruits and vegetable propagation. The soil pH is slightly favorable for water melon, cabbage and pumpkins but unsuitable for pineapple, passion fruits, egg plant and tomato. The predominantly clayey (av. 52%) soil texture could tolerate pumpkins and cabbages but may not be suitable for the rest of the target fruits and vegetables (Table 5 ). 
Discussion
Soil Morphology
A half of the horizons (RSK-H1, RSK-H3 and RSK-H5) had gradual boundaries while RSK-H5 was continuous. However, the second pedon (RSK-H2) and the last (RSK-H6) had abrupt boundary layers (Table 1) . Similar results were obtained by Okia [14] along the Balanites aegyptiaca belt in Uganda. Accordingly, abrupt boundaries between horizons are indicative of highly weathered soils.
These boundaries also indicate that the soils have experienced some anthropogenic disturbance [14] .
The first three pedon layers were soft to slightly hard with some roots ( Table   1 ). The last three horizons ranged from hard to very hard to hard consistence with few to no roots. These results concur with findings by Szymański et al. [15] .
Such morphology indicates that the pedons could have resulted from the translocation of colloids (clay minerals and iron oxides) and cyclic reduction-oxidation processes [25] [26].
The upper part of the studied pedons (RSK-H1 and RSK-H2) had dark yellowish brown to dark brown colour. The rest of the pedons were yellowish red (Table 1) . Earlier classification of MUARIK soil by Yost and Eswaran [11] indicated the surface layer to be dark reddish brown and the sub soil to be red neutral. The changes in soil colour over time could be attributed to the translocation of colloids and reduction-oxidation processed triggered by cultivation of research fields at MUARIK.
Physical Properties
The texture of the studied soil profiles was generally clay (Table 2 and Figure   2 ). According to Mugagga et al. [27] , the percentage of clay, in particular, gives a clear indication of the problem nature of the soils. A 10% clay threshold has been used as an indicator of the expansion potential, whilst 32% clay content exhibits extreme expansion potential [28] . Such clay content has implications for the shrink-swell properties of the soil. Yang et al. [29] and Wati et al. [30] agree that fine-textured clayey soils have small pores and liberate water gradually, which renders them susceptible to water logging because of their high water retention capacity. Such soils may not be suitable for some fruit and vegetable propagation such as water melon that require well drained soils. Similarly, pumpkins may be grown on a wide range of soil types provided the soil is free-draining. However, cabbage grows on a wide range of soil types ranging from light sand to heavier clays. Cabbage could therefore be recommended at MUARIK.
A report by Morton [22] showed that passion fruit vines could be grown on many soil types but light to heavy sandy loams, of medium texture are most suitable. Good drainage is also essential to minimize the incidence of collar rot.
This implies that passion fruits may not present high yields at MUARIK that is predominately clay. Furthermore, watermelon grows best on soils with a sandy loamy texture. It requires good drainage at site and therefore clayey, damp, and water-logged soil must be avoided [23] . This revelation points to inadequacy of the MUARIK soils that are mainly clayey to support watermelon production.
According to DAF [24] , the best soils for pineapple production are non-compacted, well-aerated and free-draining loams, sandy loams and clay loams with no heavy clay or rock within one meter of the surface. Well drained soils are essential because poor drainage makes the plant more susceptible to root and heart rot diseases owing to a weak rooting system [24] . The fact that MUARIK has predominantly clayey soils makes the site unsuitable for pineapple growing except after remediation action is undertaken on the soil. In addition, eggplants can be grown with considerable success in fine and rich loam soils that are deep and well-drained [3] . Eggplant propagation at MUARIK should therefore be preceded by fertilizer application for better growth and development.
The upper part of the pedons (i.e. RSK-H1 and RSK-H2 horizons) contained a smaller clay fraction (i.e. 40% -44%) in comparison with the lower part ( Table   2 ). The highest amount of clay (62%) was recorded in the 4 th Horizon (RSK-H4).
Amount of the sand fraction ranges from 35% to 52% and is almost evenly distributed throughout the studied profiles (except the RSK-H3) with an average of 43%. MUARIK could therefore be favourable for tomatoes which are reported by Muzaale [31] to grow well in sandy loam soil with well-drained clay subsoil.
Chemical Properties
The MUARIK soils are generally acidic with a pH of 6.12 in the top soil and 6.08
in the subsoil layer (Table 3) . Soil pH is the measure of the acidity or alkalinity of the soil. The results in Table 3 concur with Majaliwa [32] who reported MUARIK soils to be acidic. Previous studies have provided possible scenarios for low soil pH in a site. Fungo et al. [8] noted that frequent cultivation may result in rapid decomposition of organic matter and weakening of soil structure, which later results in lowering soil pH. Relatedly, Steenwerth et al. [10] found lower values of soil pH in the grassland than in cultivated soils, reportedly due to leaching in the grasslands. Mulumba [9] reported some cropping systems to pose acidifying risk to the soil due to the amount of materials removed at harvest, amount and type of fertilizers normally used.
Muzaale [31] indicated that tomato growers in Uganda require slightly acidic soils with a pH level of 6.0 to 7.0 for high quality yields. Since the soil tests present a pH of 6.08 -6.12, it therefore means that the MUARIK soils could be suitable for tomato growing. Soil pH can be adjusted if necessary. If the pH is too low, lime is added to the soil. If it is too high, some sulphur is mixed to the soil [31] . However, these adjustments come at a cost to the farmer. In addition, pumpkins may be grown at MUARIK because they are tolerant of fairly acid conditions and liming should not be necessary unless the pH is less than 5.5.
Based on the pH results of 6.08 -6.12 (Table 3) , passion fruits and cabbages can be grown at MUARIK after reducing the acidity by lime application for better yields. This is so because passion fruits have been associated with soils with a pH of 6.5 to 7.5 (22) . Cabbage requires soils with pH in the range of 6.0 -6.5, making Kabanyolo a suitable site for production of cabbages [3] . In contrast, watermelons prefer a soil pH between 6.0 and 6.8 [23] making MUARIK is a suitable site. However, other parameters such as soil texture, soil organic matter at MAURIK fall below the required standards for watermelon propagation.
Eggplants require a site with pH 5.5 to 6.0 for its better growth and development [3] . Similarly, a soil pH in the range of 4.5 -5.6 is optimal for pineapple production [33] . It therefore implies that lime must be applied to lower the pH of MUARIK soil from 6.12 to the required range of 4.5 -5.6 and 5.5 -6.0, respectively, before pineapples and eggplants are introduced.
Phosphorus was 12.42 ± 3.65 ppm in the top soil compared to 8.88 ± 3.2 pmm in the sub soil (Table 3) . However, according to Obreza and Rhoads [33] , the critical level of P is 10 mg·kg
. This threshold shows that phosphorus is a deficient nutrient in the MUARIK sub soils. The lower level of P could be due to the large quantities drawn by plants [8] from the sub-soil layer. Perhaps P fixation is high as the soils in the area are highly weathered with potential of high content of aluminum oxides. The abrupt boundaries between horizons in the top and bottom pedons (Table 1 ) point to highly weathered soils. Phosphorus was also the most variable mineral in both the top and sub soil (Table 3 ). This could be attributed to the behavior of P in most soils. Fungo et al. [8] (Table 3) . Similarly, Majaliwa [32] had earlier indicated MUARIK soils to have moderate to low fertility. According to Obreza and Rhoads [33] , the critical levels of Ca, K, and Mg are 250, 45 and33 mg·kg −1 , respectively. By these standards, potassium is the most deficient nutrient in MUARIK. For high fruit and vegetable yields, fertilizer application may be required. According to a guide by Adekunle et al. [23] , the soil must be fertile with good organic matter content.
Thus, for watermelon yields, the MUARIK soils ought to be amended with aged manure, seaweed, and/or compost before planting because watermelons are heavy feeders.
A correlation matrix (Table 4) shows sand and clay with the highest negative significant correlation (r = −0.94, p < 0.01). The highest positive significant correlation was observed between Ca and Mg both in the topsoil (r = 0.96, p < 0.01) and subsoil (r = 0.99, p < 0.01). The observed high and negative correlation between sand and silt is not uncommon because these two soil properties are complementary to each other [8] . In contrast, the high positive correlation between Ca and Mg can be attributed to the possibility of the two minerals having similar parent material mineralogy. Chadwik and Graham [34] assert that mafic mantlederive rocks typically weather to a smectite and iron oxide-rich colloidal fraction with the simultaneous release of both Ca and Mg.
Conclusion
This study reveals that the upper part of the studied pedons had dark yellowish brown to dark brown colour while lower soil layers were yellowish red. The texture of the studied soil profiles was generally clay (52%). Furthermore, the soils were generally acidic with a pH of 6.08 to 6.12. The site was deficient in most of the minerals including P, Ca, K, Mg, Na, N, and soil organic matter (OM).
Phosphorus was the most variable property in both the top and sub soil. Sand and clay had the highest negative significant correlation (r = −0.94, p < 0.01) in the top soil. Similarly, soil pH had the highest negative and significant relationship (r = −0.88, p < 0.01) with sand in the sub-soil layer. The highest positive significant correlation was observed between Ca and Mg both in the topsoil (r = 0.96, p < 0.01) and subsoil (r = 0.99, p < 0.01). Thus, MUARIK is suitable for cabbage and pumpkin because they grow on a wide range of soil types ranging from light sand to heavier soils. However, passion fruit and tomato should be grown at MUARIK after adjusting the soil pH with lime. Similarly, watermelon will require aged manure before planting because watermelons are heavy feeders and slight sulphur amendments are needed to accommodate eggplant and pineapple (Table 5 ).
